Introduction
Approximately 47,000 total hip arthroplasty (THA) surgical procedures are done annually in Poland. 1 This is one of the most frequent and also one of the most burdensome orthopedic procedures in terms of extent and number of complications. The main indication for THA is advanced coxarthrosis, which affects both older men and women with similar frequencies, occurs most frequently between ages 60 and 90 years, and is a cause of severe chronic pain. Those patients often suffer from other advanced comorbid diseases, the most frequent being hypertension, heart failure, diabetes, and chronic obstructive pulmonary disease; therefore, the surgical procedure and period of rehabilitation present significant burdens for patients. An effective perioperative analgesia prevents serious cardiovascular complications, decreases the number of infections, and shortens the hospitalization period. It is also a prerequisite for early
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Olczak et al introduction of effective physiotherapy. In some THA studies, the advantages of regional over general anesthesia have been demonstrated. 2, 3 However, a systematic review published in 2016 demonstrated a lack of sufficient evidence for regional anesthesia advantages, although a shorter hospitalization period was used. 4 In the postoperative period, continuous epidural analgesia plays an important role. For patients with contraindications or those who give no consent to this type of analgesia, an intravenous (iv) route of analgesic administration is the main method of pain treatment, especially during the first 24 h after the surgery. Extensive orthopedic surgery (such as knee or hip arthroplasty) involves extensive tissue damage, especially of bone tissue, which in turn is associated with severe pain; therefore, opioid administration is required in this patient group. For many years, morphine has been the gold standard of treatment for moderate-to-severe pain, although recently, an interest in oxycodone for the treatment of postoperative pain has been observed. Oxycodone is used more frequently by physicians as it displays a beneficial pharmacological profile and lower percentage of adverse effects (AEs) in comparison to morphine. The studies published to date confirm oxycodone's safety and high analgesic efficacy in pain treatment although most of the studies refer to the oral route of administration. [5] [6] [7] Oxycodone is a semisynthetic, thebaine opioid derivative, which was synthesized for the first time in 1916 and used in 1917. 8 It has been widely used in the treatment of both acute and chronic pain for over 80 years. The mechanism of oxycodone's action is based on the activation of peripheral and central µ and κ opioid receptors. Compared with morphine, oxycodone displays a lower affinity to µ-opioid receptors, but it activates κ opioid receptors to a significantly larger extent than morphine. In addition, its concentration in the brain is approximately six times higher, owing to the active transport through the blood-brain barrier, which significantly increases its analgesic efficacy. [9] [10] [11] [12] Moreover, in experimental studies, a beneficial influence of oxycodone as a result of an increased expression of GABA-B receptors in sensory neurons has been found. This increased expression induced hyperalgesia inhibition in a neuropathic pain model induced by the cytostatic drug vincristine. 13 Forty-five percent of oxycodone binds to serum proteins (slightly more than morphine at 35%), and it is metabolized through cytochrome P-450 liver enzymes to the first-order metabolites, oxymorphone and noroxycodone.
14 Only oxymorphone displays analgesic effects via agonist effects on µ-opioid receptors, which are 14 times stronger compared with oxycodone administered parenterally, although oxymorphone concentration is too low for significant clinical effects. [15] [16] [17] [18] Oxycodone's plasma elimination half-life (T 1/2 ) is ~4 h, irrespective of the route of administration. Oxycodone is excreted in the urine, mainly in the form of unbound noroxycodone and oxymorphone conjugated with glucuronic acid. Only about 10% of the administered oxycodone is excreted unchanged in the urine.
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Aim of the study
The primary aim of the study was to assess the analgesic efficacy, AEs, and oxycodone safety administered as a continuous infusion with ketoprofen injected into the iv line to patients after THA. A secondary aim was to assay serum oxycodone levels.
Patients and methods
The study protocol has been approved by the Bioethical Committee of the Poznan University of Medical Sciences. The study was conducted from March to November 2014 in the Józef Struś Multiprofile Municipal Hospital in Poznan.
All patients provided written informed consent for this study. A total of 14 patients who had undergone a total non-cemented hip arthroplasty from a lateral access were recruited for the study. The mean age of patients was 68±8 years. All patients had suffered from coxarthrosis. Several tests were conducted before the surgery: 1) full blood count and 2) determination of plasma concentrations of sodium, potassium, creatinine (for the calculation of the estimated glomerular filtration rate), urea, alanine aminotransferase, asparginate aminotransferase, total protein, and albumin. The perioperative risk was American Society of Anesthesiologists (ASA) II in five patients and ASA III in nine patients. The mean height of patients was 170±6 cm, and the mean body mass was 75±12 kg.
Before surgery, all patients received oral midazolam (Dormicum tablets; Roche) at a dose of 7.5 mg. All patients received analgesia consisting of 15 mg heavy bupivacaine (Marcaine ® Spinal 0.5% Heavy; AstraZeneca) via the subarachnoid route at the L3/L4 level. In addition, sedation was induced during anesthesia by propofol injection (propofol 1% MCT/LCT Fresenius) via the iv route at a dose of 1-3 mg/kg of body weight/h with oxygen therapy and maintenance of respiratory tract patency via the oropharyngeal airway or through a laryngeal mask airway, whenever necessary. After surgery, patients were transferred to a postoperative unit. 
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Efficacy and safety of intravenous oxycodone Mundipharma) via an iv route was started at a dose of 1 mg/h (n=5) or 2 mg/h (n=9). A dose of 1 mg/h was administered to patients with a body mass <65 kg (n=5), and a dose of 2 mg/h was given to patients whose body mass was >65 kg (n=9). All patients in the postoperative unit received an iv ketoprofen (100 mg) injection every 12 h. All patients were prescribed a rescue dose (in the case of pain intensity over 4 according to a numerical rating scale [NRS]) of 2 mg of oxycodone administered via the iv route in the nurse-controlled analgesia system, which could be repeated every 10 min. Blood samples were taken for oxycodone concentration assays in blood serum (a free fraction and protein-bound) after 30, 120, and 240 min after starting the drug infusion. At the moment of blood sampling, patients were asked about pain intensity according to NRS (0-10) at rest and during movement. An NRS ≤3 at rest and an NRS ≤4 during movement (hip flexion) were considered satisfactory. In the postoperative unit, blood pressure, heart rate, blood oxygen saturation, and electrocardiogram were continuously monitored in all patients. The number of oxycodone rescue doses was recorded, and patients were also observed for the appearance of drug-related AEs such as nausea, vomiting, pruritus, cognitive impairment (recognizing time, place, and appropriate responses to questions posed), and respiratory depression defined as <8 breaths/ min with a decrease in oxygen blood saturation <90%.
Results
Patients' basic demographic and clinical data are shown in Table 1 . Mean values of the laboratory parameters from analyzed patients are demonstrated in Table 2 . In all patients, laboratory parameters were within normal range. No factors influencing metabolism and excretion of the selected drugs were found ( Table 2 ). The surgery time was 90±15 min, and the length of patients' stay in the operation theater was 150±15 min.
From the group of patients treated with oxycodone infusion at a dose of 1 mg/h, two patients required a single bolus of 2 mg oxycodone (NRS 5/6 at rest at the time of oxycodone bolus administration), and the oxycodone dose in the infusion was increased to 2 mg/h. Oxycodone concentration was not assayed in these patients, and additional rescue doses of oxycodone were not required.
In the rest of the analyzed group of patients, there was no need for rescue doses of oxycodone during the postoperative period, both at rest and during movement. In the analyzed patients, oxycodone AEs such as vomiting, pruritus, cognitive impairment, respiratory depression, and blood pressure changes were not observed. Bradycardia was observed in two patients, and one patient experienced nausea.
Mean total and protein-bound oxycodone serum concentrations in three out of five patients receiving oxycodone at a dose of 1 mg/h and mean pain intensity (NRS) at rest and during movement (n=3) are shown in Table 3 . Mean total and protein-bound oxycodone concentrations in the blood serum in nine patients treated with oxycodone at a dose of 2 mg/h, and mean pain intensity (NRS) at rest and during movement are shown in Table 4 .
Discussion
In this study, oxycodone, administered in a continuous infusion for postoperative pain treatment in THA patients, was coadministered with ketoprofen injected into the iv line every 12 h. Oxycodone was used at 1 and 2 mg/h depending on patient's body weight. In both patient groups, in consecutive observations, pain intensity was mild and did not exceed 
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Olczak et al 3 (according to NRS) at rest and 4 during movement. In the group of patients treated with oxycodone at 1 mg/h, some patients did not require a dose increase to 2 mg/h. An oxycodone dose of 2 mg/h provided all nine treated patients with satisfactory analgesic effects, which is substantiated by the fact that no patient required administration of additional doses of analgesics. The mean oxycodone concentration in this patient group did not exceed 43 ng/mL of the total and 26 ng/mL of protein-bound oxycodone, whereas pain intensity did not exceed 3 (according to NRS). An oxycodone dose of 1 mg/h provided effective analgesia in three out of five treated patients with mean oxycodone concentration in the three-patient group did not exceed 25 ng/mL of the total and 18 ng/mL of protein-bound oxycodone. In three analyzed patients, pain intensity did not exceed 4 (according to NRS). Two patients required administration of rescue doses of 2 mg oxycodone (NRS 5/6 at the moment of the drug administration) and a dose increase to 2 mg/h. Oxycodone concentrations in these patients were not measured. In the patient group with body weights <65 kg, an oxycodone dose of 1 mg/h was effective only in some patients. A dose increase to 2 mg/h was used in cases of severe pain intensity associated with extensive surgery and the fact that bone pain usually displays severe intensity associated with mixed receptor and neuropathic components. 12 Nausea, vomiting, bradycardia, and hypotension are opioid-induced AEs. Oxycodone AEs such as vomiting, pruritus, cognitive impairment, respiratory depression, and blood pressure changes were not observed. One patient experienced nausea, which disappeared after iv administration of ondansetron at a dose of 4 mg. Bradycardia was observed in two patients (heart rate <45), and it also disappeared after iv atropine administration at a dose of 0.5 mg.
In both patient groups in the study period, serum oxycodone steady state was not achieved. Four hours after starting oxycodone infusion, total and protein-bound drug concentrations were still increasing. To establish the time necessary to achieve a serum drug steady state when administering oxycodone as continuous iv infusion, another study with a longer assay period and more time points should be done.
Analgesia may be associated with serum opioid concentrations. In a study conducted by Kokki et al, patients undergoing laparoscopic cholecystectomy had oxycodone concentrations equaling 20-50 ng/mL. 22 In another study performed among patients after cardiac surgery, oxycodone concentrations were in the range of 6-25 ng/mL. 23 These observations demonstrate that oxycodone concentrations may vary significantly depending on the doses used, time of blood sampling, and type of surgery. To the best of our knowledge, no such data exist for orthopedic surgery. The data obtained in our study indicate that oxycodone concentrations in patients after THA may be in the range of 24-42 ng/mL. However, a full pharmacokinetic/pharmacodynamic analysis of oxycodone administered after THA surgery should be done.
The number of THA surgeries rises steadily. Patients undergoing this procedure are most frequently aged >60 years and apart from arthrosis, suffer from other advanced chronic comorbidities, which require constant drug administration. These comorbidities should thus be considered when choosing pre-and postsurgical analgesia methods, which would enable patients' rapid return to normal functioning.
For many years, morphine has been the gold standard opioid for the treatment of moderate-to-severe pain. In 2009, oxycodone was registered in Poland, and thus it was possible to also start using oxycodone by the parenteral route, which had been widely used earlier in other countries mainly by the oral route. Oxycodone is an opioid, which thanks to its unique mode of action (affinity of µ and κ receptors, active transport to central nervous system, and activation of the GABA system) provides effective analgesia, also due to a short plasma half-life, easy dose titration, and relatively mild AEs.
Due to its agonist action on κ opioid receptors, oxycodone is often successfully used in visceral pain treatment (such as after extensive abdominal surgery), as these receptors have been shown to be present on nerve endings in the peritoneum and dorsal horns of the spinal cord. 24 The results of this study demonstrated that oxycodone was also effective in postoperative pain treatment after an extensive orthopedic surgery during the first 24 h. The titration of an effective dose of oxycodone administered by iv infusion allows a switch to the oral route of or oxycodone administration that should be effective and safe for each patient.
Analgesia administered via the iv route in the early postoperative period should provide fast pain relief, stable 
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Efficacy and safety of intravenous oxycodone pharmacokinetics, and convenient dosing. THA is one of most extensive orthopedic surgeries, and it is associated with severe postoperative pain; therefore, apart from central and peripheral blockades, opioids from step 3 of the World Health Organization analgesia classification are most commonly used. To limit oxycodone doses, a nonsteroidal anti-inflammatory drug was added. In this case, ketoprofen that possesses significant analgesic efficacy as far as bone pain is concerned was used. It should be noted that among patients enrolled, no patient had been diagnosed with renal and/or liver diseases or peptic ulcers, which would have been contraindications to ketoprofen administration. Laboratory parameters were within normal range; thus, no factors that would have influenced drug metabolism and excretion were found. In this study, opioid treatment had been started by the time central blockade analgesia subsided, and the patient had already recovered normal cognitive functions after propofol sedation. Study limitations include lack of a control group, moderate number of enrolled patients, short period of observation (24 h), and limited number of serum oxycodone assays (done only at 4 h), which had not allowed drug steady state to be reached. However, despite the aforementioned limitations, we were able to demonstrate an effective analgesic effect, good profile of AEs, and safety of a combination of oxycodone infusion at a dose of 2 mg/h together with a bolus of 100 mg ketoprofen administered every 12 h for severe pain intensity treatment after THA surgery.
Conclusion
Continuous oxycodone infusion at a dose of 2 mg/h in conjunction with ketoprofen (100 mg) every 12 h, both administered via the iv route, can provide effective analgesia in patients during the first 24 h after THA surgery. Oxycodone at 1 mg/h administered as an iv infusion is effective in some patients after THA. Oxycodone iv infusions at doses of 1 and 2 mg/h do not induce drowsiness, vomiting, pruritus, respiratory depression, or blood pressure changes; however, out of 14 treated patients, bradycardia was observed in two patients and nausea in one. Intravenous infusion of oxycodone chloride in conjunction with iv ketoprofen provides analgesia that is effective and acceptable to patients during the first 24 h after THA. Oxycodone administered as a continuous iv infusion is a safe pain management method in patients after THA.
